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DETAILED ACTION 

Election/Restrictions 

1 . Applicant's election without traverse of group I, claims 1 -36 and 71-73 drawn to a 
method of making a semiconductor device is acknowledged. 

Specification 

2. The specification has not been checked to the extent necessary to determine the 
presence of all possible minor errors. Applicant's cooperation is requested in correcting 
any errors of which applicant may become aware in the specification. 

Claim Objections 

3. Claim 29 recites the limitation "first metal" in line 2. There is insufficient 
antecedent basis for this limitation in the claim. 

Claim Rejections - 35 USC § 112 

4. The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

5. Claims 4 and 30 are rejected under 35 U.S.C. 112, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Regarding claim 4, the claimed limitation of "diffusing dopants from said sub- 
layer of doped nitride semiconductor into said sub-layer of undoped nitride 
semiconductor" is unclear as to what happens to the doped after the end of the diffusion 
process. 
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Regarding claim 30, the structural relationship between said doped layer the 
claimed device is not clear. 

Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

7. Claims 1-2 and 4-14 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Nakamura et al., Pub. No. US 2003/0010993 in view of Parikh et al, WO 
03/026021. 

Regarding claim 1, Nakamura teaches (fig. 1) a method of forming a 
semiconductor layer structure, the method comprising: forming a modulation doped 
layer (4) atop at least a portion of another layer (3) by forming at least one sub-layer of 
doped nitride semiconductor (refer to paragraph [0054]) and at least one sub-layer 
undoped nitride semiconductor (refer to paragraph [0054]) atop the at least portion of 
the another layer (3). 

Nakamura does not explicitly state that the modulation-doped layer has a doping 
concentration of at most 2E16cm ~ 3 . 

Parikh teaches n-doped GaN doped with impurities to a concentration in the 
range of 5x10E14 to 5x10E17 per cm-3 (page 21). 

Therefore it would obvious to one of ordinary skill in the art at the time the 
invention was made to adjust the modulation doped layer concentration as taught by 
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Parikh in the process of Nakamura in order to form a high quality film with improved 
crystallinity. 

Furthermore parameters such as concentration in the art of semiconductor 
manufacturing process are subject to routine experimentation and optimization to 
achieve the desired device characteristics during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the modulation doped layer concentration as 
claimed in the process of Nakamura in order to form a high quality film with improved 
crystallinity. 

Regarding claim 2, Nakamura teaches substantially the entire claimed structure 
of claim 1 above including the forming step includes forming alternating sub-layers of 
doped nitride semiconductor and undoped nitride semiconductor (layer 4, [0054]) atop 
the at least portion of the another layer (3). 

Regarding claim 4, Nakamura teaches substantially the entire claimed structure 
of claim 1 above except explicitly stating that diffusing dopants from the sub-layer of 
doped nitride semiconductor into the sub-layer of undoped nitride semiconductor to form 
the doped layer, the doped layer having a doping concentration that is substantially 
uniform. 

It is conventional in the art to form doped regions by diffusing dopants from one 
layer to another. Furthermore parameters such as doping level in the art of 
semiconductor manufacturing process are subject to routine experimentation and 
optimization to achieve the desired device characteristics during fabrication. 
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It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to doped the doped layer as claimed in order to formed a layer with 
improved quality. 

Regarding claims 5 and 6, Nakamura teaches substantially the entire claimed 
structure of claim 1 above including the modulation-doped layer includes a gallium 
nitride-based semiconductor and the modulation-doped layer included GaN ([0054]). 

Regarding claim 7, Nakamura teaches substantially the entire claimed structure 
of claim 1 above including the modulation-doped layer is n-type (the modulation doped 
layer 4 has silicon as dopant hence n-type [0054]). 

Regarding claim 8, Nakamura teaches substantially the entire claimed structure 
of claim 1 above including the modulation-doped layer has a doping concentration of at 
least 4E15cm" 3 (the modulation doped layer has more than what is claimed, refer to 
[0054]). 

Regarding claims 9-1 1 , Nakamura teaches substantially the entire claimed 
structure of claim 1 above including the modulation-doped layer has a thickness of least 
0.2 jam, or at most 10 ^m (the modulation doped layer has a thickness of 1 ^m, refer to 
[0054]) and the doped sub-layer is at least 0.005 pirn ([0054]). 

Regarding claims 12-13, Nakamura teaches substantially the entire claimed 
structure of claim 1 above except explicitly stating that the modulation-doped layer has 
a thickness of most 0.1 urn or the undoped sub-layer has a thickness of at least 0.005 
lam. 
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Parameters such as thickness in the art of semiconductor manufacturing process 
are subject to routine experimentation and optimization to achieve the desired device 
characteristics during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the thickness of the modulation doped layer as 
claimed in order to form a high quality film with improved crystallinity. 

Regarding claim 14, Nakamura teaches substantially the entire claimed structure 
of claim 1 above including the undoped sub-layer of the modulation doped layer has a 
thickness of at most 0.1 jam (the undoped sub-layer has a thickness of 0.002 ixm 
[0054]). 

8. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nakamura, Parikh and in view of D' Evelyn et al., Pub. No. US 2002/0155634. 

Nakamura teaches substantially the entire claimed process of claim 1 above 
except explicitly stating that the forming step is carried out by process selected from the 
group consisting of reactive sputtering, metal organic chemical vapor deposition 
(MOCVD), molecular beam epitaxy (MBE) and atomic layer epitaxy. 

D' Evelyn teaches forming a nitride-based layer by MOCVD (paragraph [0063]). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the process of using MOCVD taught by D' Evelyn to 
form the modulation doped layer in the process of Nakamura in order to improve better 
coverage during deposition. 
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9. Claims 15 and 16 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Nakamura, Parikh and in view of Lee et al., Pub. No. US 2001/00341 16. 

Regarding claim 15, Nakamura teaches substantially the entire claimed structure 
of claim 1 above except explicitly stating that forming a Schottky junction includes 
forming a metal contact layer atop the modulation doped layer. 

It is conventional to form Schottky junction and is also taught by Lee (fig. 8) 
forming a Schottky contact/junction by forming a metal contact (44) in the process of 
forming a semiconductor device with a Schottky contact. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the Schottky junction taught by Lee in the process of 
Nakamura in order to form a rectifying junction with an excellent electrical 
characteristics. 

Regarding claim 16, Nakamura teaches substantially the entire claimed structure 
of claims 1 and 15 above except explicitly stating forming an ohmic contact on another 
portion of the another layer. 

It is conventional to form an ohmic contact and is also taught by Lee (fig. 8) 
forming an ohmic contact by forming contact (45) in the process of forming a 
semiconductor device with an ohmic contact. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the ohmic contact taught by Lee in the process of 
Nakamura in order to form a contact with an excellent electrical characteristics. 
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10. Claims 17 and 19-35 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over D' Evelyn et al., Pub. No. US 2002/0155634 in view of Parikh. 

Regarding claim 17, D' Evelyn teaches (fig. 4) method of forming a Schottky 
diode, the method comprising: forming a modulation doped layer (layers 302, 314) atop 
at least a portion another layer (316) by forming at least one sub-layer of doped nitride 
semiconductor (314) and at least one sub-layer undoped nitride semiconductor (302, 
layer 302 is insulating, therefore inherently undoped; layers 302 and 316 are based on 
Gai. x Al x N) atop the at least portion of the another layer (316); forming a metallic contact 
layer (310) atop at least part of the modulation doped layer (302, 314) to form a 
Schottky junction therewith (Schottky contact is formed between 210 and 302); and 
forming at least one further metallic contact layer (312) on at least part of the another 
layer (310) in substantially ohmic contact therewith (ohmic contact is formed between 
312 and 316). 

D' Evelyn does not explicitly teach that a ratio of an on-resistance of the 
Schottky diode to a breakdown voltage of the Schottky diode is at most 2x1 0* 5 Q .cm 2 
/v. 

Parikh teaches the breakdown voltage fields of 2x1 0E6 V/cm for a GaN based 
device. By finding the ratio of the on-resistance to the breakdown on can get the ratio of 
an on-resistance of the Schottky diode to a breakdown voltage of the Schottky diode. 
Since the combined process teaches the same layers as the claimed invention, the ratio 
of the on-resistance to the breakdown voltage would closer the claimed invention. 
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Furthermore parameters such as ratio of on-resistance to breakdown voltage in 
the art of semiconductor manufacturing process are subject to routine experimentation 
and optimization to achieve the desired device characteristics during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the ratio of on-resistance to the breakdown 
voltage as claimed in order to form a diode with better electrical characteristics. 

Regarding claim 19, D' Evelyn teaches substantially the entire claimed process 
of claim 17 above including the step of forming the modulation doped layer is carried out 
by MOCVD (paragraph [0063]). 

Regarding claims 20 and 21, D' Evelyn teaches substantially the entire claimed 
process of claim 17 above including a gallium nitride-based semiconductor and includes 
GaN (paragraph [0052]). 

Regarding claim 22, D' Evelyn teaches substantially the entire claimed process 
of claim 17 above including the modulation-doped layer is n-type (fig. 4). 

Regarding claims 23 and 24, D' Evelyn teaches substantially the entire claimed 
process of claim 17 above including the modulation doped has a thickness of at least 
0.2 |im or at most 10 urn (layer 316 is in the range of 1-10 |im). 

Regarding claim 25, D' Evelyn teaches substantially the entire claimed process 
of claim 17 above including the doped sub-layer of the modulation doped layer has a 
thickness of at least 0.005 urn (layer 316 is in the range of 1nm -10 jxm). 

Regarding claims 26-28, D' Evelyn teaches substantially the entire claimed 
process of claim 17 above except explicitly stating that the doped sub-layer modulation- 
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doped layer has a thickness of at most 0.1 |im, the undoped sub-layer has a thickness 
of at least 0.005 jim or at most 0.1 jam. 

Parameters such as thickness in the art of semiconductor manufacturing process 
are subject to routine experimentation and optimization to achieve the desired device 
characteristics during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the thickness of both the doped and undoped 
sub-layers of the modulation doped layer as claimed in order to form a high quality film 
with improved crystallinity. 

Regarding claim 29, D' Evelyn teaches substantially the entire claimed process 
of claim 17 above including the first metal contact layer is nickel ([0053]). 

Regarding claim 30, as best the examiner is able to ascertain the claimed 
process, D' Evelyn teaches substantially the entire claimed process of claim 17 above 
including the another layer comprises doped layer of nitride (316) semiconductor that is 
formed atop a substrate (306) prior to forming the modulation doped layer (302,314), 
the modulation-doped layer and the another doped layer (316) being of the same 
conductivity type (n-type). 

D 1 Evelyn does not explicitly teach, the another doped layer being more highly 
doped than the modulation-doped layer. 

Parameters such as concentration in the art of semiconductor manufacturing 
process are subject to routine experimentation and optimization to achieve the desired 
device characteristics during fabrication. 
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Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the modulation doped layer concentration and 
another doped layer as claimed in the process of D' Evelyn in order to form a high 
quality film with improved crystallinity. 

Regarding claims 31-33, D' Evelyn teaches substantially the entire claimed 
process of claim 17 above including the another doped layer includes a gallium nitride- 
based (refer to [0052]) semiconductor, the another doped layer includes GaN ([0052]) 
and the another doped layer is n-type ([0052]). 

Regarding claim 34, D' Evelyn teaches substantially the entire claimed process 
of claim 17 except explicitly stating that the another doped layer has a doping 
concentration of at least 4E18 cm" 3 

Parameters such as concentration in the art of semiconductor manufacturing 
process are subject to routine experimentation and optimization to achieve the desired 
device characteristics during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the another doped layer concentration as claimed 
in the process of D' Evelyn in order to form a high quality film with improved crystallinity. 

Regarding claim 35, D' Evelyn teaches substantially the entire claimed process 
of claim 17 above except explicitly stating said substrate is selected from the group 
consisting of sapphire, silicon carbide, doped silicon and undoped silicon. 
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However D' Evelyn teaches in paragraph ([0003]) refers to the use of several 
process that are used to produce hetero-epitaxial growth of gallium nitride based on 
sapphire or silicon carbide. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to form GaN based device on SiC as claimed in the process of 
fig. 4 in order to form a device that performs better in high temperature environment. 

1 1 . Claims 1 8 and 71 -73 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over D' Evelyn, Parikh in view of Nakamura. 

Regarding claim 18, D' Evelyn teaches substantially the entire claimed process 
of claim 17 above except explicitly stating that step of forming the modulation doped 
layer includes forming alternating sub-layers of doped nitride semiconductor and 
undoped nitride semiconductor atop the at least portion of the another layer. 

Nakamura teaches the advantage of forming alternating layers of doped and 
undoped sub-layers of nitride semiconductors (4) in the process of forming nitride based 
semiconductor device (fig. 1 ) with improved crystallinity. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the process of forming a super lattice of doped and 
undoped layers taught by Nakamura in the process of D' Evelyn in order to improve the 
crystallinity of the layers. 

Regarding claim 71 , D' Evelyn teaches (fig. 4) a method of forming a Schottky 
diode, the method comprising: forming a lower layer of n-type doped nitride 
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semiconductor (316) atop a substrate (306); forming an upper layer (314, 302) atop at 
least a portion of the lower layer of nitride semiconductor (316), the sub-layers being 
formed metal organic chemical vapor deposition (MOCVD, paragraph [0063]), forming a 
first metal contact layer (310) atop the upper layer of nitride semiconductor (302) such 
that a Schottky contact is formed (contact between 302 and 310); and forming a second 
metal contact layer (312) atop the lower layer of nitride semiconductor (316) such that 
an ohmic contact is formed (contact between 316 and 312). 

D' Evelyn does not explicitly teach that forming the upper top layer by forming 
alternating sub-layers of n-type doped nitride semiconductor and undoped nitride 
semiconductor or the lower layer of nitride semiconductor being more highly doped than 
the upper layer of nitride semiconductor and a ratio of an on-resistance of said Schottky 
diode to a breakdown voltage of said Schottky diode is at most 2x1 0' 5 Q .cm 2 /v. 

Nakamura teaches the advantage of forming alternating layers of doped and 
undoped sub-layers of nitride semiconductors (4) in the process of forming nitride based 
semiconductor device (fig. 1) with improved crystallinity. 

Parikh teaches the breakdown voltage fields of 2x1 0E6 V/cm for a GaN based 
device. By finding the ratio of the on-resistance to the breakdown on can get the ratio of 
an on-resistance of the Schottky diode to a breakdown voltage of the Schottky diode. 
Since the combined process teaches the same layers as the claimed invention, the ratio 
of the on-resistance to the breakdown voltage would closer the claimed invention. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the process of forming a super lattice doped and 
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undoped layer taught by Nakamura in the process of D' Evelyn in order to improve the 
crystallinity of the layers. 

Furthermore parameters such as concentration and ratio of on-resistance to 
breakdown voltage in the art of semiconductor manufacturing process are subject to 
routine experimentation and optimization to achieve the desired device characteristics 
during fabrication. 

Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to adjust the upper layer doping layer concentration and 
the ratio of on-resistance to breakdown voltage as claimed in the process of D' Evelyn 
in order to form a high quality film with improved crystallinity. 

Regarding claim 72, D' Evelyn teaches substantially the entire claimed process 
of claim 71 above including the at least one of the upper layer (302) of nitride 
semiconductor and the lower layer (314) of nitride semiconductor includes a gallium 
nitride-based semiconductor (paragraph [0052]). 

Regarding claim 73, D' Evelyn teaches substantially the entire claimed process 
of claim 71 above including at least one of the upper layer (302) of nitride 
semiconductor and the lower layer (314) of nitride semiconductor includes GaN 
(paragraph [0052]). 

12. Claim 36 is rejected under 35 U.S.C. 103(a) as being unpatentable over D' 
Evelyn, Parikh in view of Sheu et al., US patent No. 6,712,478. 

Regarding claim 36, D' Evelyn teaches substantially the entire claimed process 
of claim 17 above except explicitly stating that the ohmic metal contact layer is selected 
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from the group consisting of aluminum/titanium/platinum/gold (Al/Ti/Pt/Au) and 
titanium/aluminum/platinum/gold (Ti/AI/Pt/Au). 

However Sheu teaches (fig.3) where the ohmic metal contact layer (162) is 
formed of Ti/AI/Pt/Au in the process of forming light emitting device. 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to form the ohmic metal contact taught by Sheu in the process 
of D' Evelyn in order to reduce the contact resistance. 



1 3. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Samuel A Gebremariam whose telephone number is 
(571 ) 272-1653. The examiner can normally be reached on 8:00am-4:30pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Lee can be reached on (571 ) 272-1732. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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